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Polyolefin/filler breathable films may be produced by machine or transverse direction orientation using interdigitating grooved rollers 
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26), the breathablity of the film is increased without increasing the depth of engagement of the interdigitating rollers. 
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PROCESS FOR PRODUCING POLYOLEFIN 
MICROPOROUS BREATHABLE FILM 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Patent Application serial number 
60/104,452 filed October 16, 1998 and U.S. Provisional Patent Application serial number 
60/104,985 filed October 20, 1998. 

BACKGROUND OF THE INVENTION 

Field 

This invention relates generally to an improved polyoleftn microporous breathable film 
and method of making same. More specifically, this invention is directed toward a process by 
which increased Water Vapor Transmission Rate (WVTR) and enhanced film appearance can 
be realized with substantially the same film formulation and orientation. 
Background 

Preparation of films having good WVTR from highly filled polymers, usually 
polyolefins, is well known in the art. In the past, a combination of polyolefin, usually a 
polyethylene, with a filler, usually CaC0 3 , is widely used as a film with good WVTR, often, but 
not necessarily, in combination with non-woven polymers for use in diapers, adult incontinence 
devices, feminine hygiene articles, surgical garments, housewrap composites, protective apparel, 
roofing materials and the like. 

The use of interdigitating rolls to orient films or non-wovens is also well known in the 
art. In some cases this process is referred to as cold stretching. To increase the WVTR of films, 
while employing interdigitating technology, it has been necessary to increase the level of filler 
in the polyolefin/filler blend, or to increase the depth of interengagement of the orienting rollers 
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of 0* i„,er di g iB ,i„g rolk „„ ac0j ^ ^ ^ ^ ^ 
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differentiation could be of benefit ti^ « 

of benefit to the consumer, as well as the manufacturer of the disposable 

products. 
SUMMARY 

We have discovered ta ,pp lving heal „ intodigitatjng ^ ^ fc _ 

» 

™prove„™ i„ orie„ a ,io„ affbc,^ ^ ^ ^ a ^ ^ ^ 

,. -he rvbich dlfferenliatts „ from ^ ^ ^ ^ ^ ^ ^ ^ 
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4— ««. . increase i„ the Kmpdrature of ^ ^ ^ ^ ^ _ ^ 

increases WVTR ft„ m ,900 gWsqm/day ,„ 4100 gm/ Sqm /day. 

Brief n W frintion «t^ t p -m-j nr -| 

A beer rmd^andiog of the Proce* fo, Prod^g PolyoMn Microporolls 
description. 

Figure 1 shows the geometry of interdigitating rollers; 
Figure 2 shows a machine direction orientation roller; 
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Figure 3 shows a transverse direction orientation roller; and 

Figure 4 shows a cross-section of a WVTR test cell. 
DETAILED PE$CRIPTION 
Introduction 

5 This invention concerns polyolefin/filler based breathable films. While initial work was 

executed on a polypropylene based product, it will be shown that the disclosed process is 
effective for all polyolefin materials. 

This invention further includes certain polyolefins, their conversion into fabricated 
articles such as films, articles made from such films, and applications in which such articles 

10 having high WVTR combined with good physical properties are desirable. The resulting films, 
and film composites, (including coextruded and laminated films) have combinations of properties 
rendering them superior and unique to films or film composites previously available. The films 
disclosed herein are particularly well suited for use in producing certain classes of high WVTR 
films, consumer and industrial articles using the films in combination with, for instance, 

15 polymeric woven or non- woven materials. Such consumer articles include, but are not limited 
to diapers, adult incontinence devices, feminine hygiene articles, medial and surgical gowns, 
medical drapes, industrial apparel, building products such as "house-wrap", roofing components, 
and the like made using one or more of the films disclosed herein. Additionally, the films of the 
present invention may also be used in metallized films with a high WVTR, according to the 

20 disclosure of U.S. Patent 5,055,338, which is to be incorporated herein by reference in its 
entirety. 
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Suitable Polyolefins and Relative Benefits 


Polypropylene 


Impact 


Tear 


Softness 


Drawdown 


Metallocene Homopolymers and 
Copolymers 


preferred 


preferred 


. _.__r.-u- li^jJ 

preferred 


most preferred 


Random Copolymer PP 


more 
preferred 


more 
preferred 


more 
preferred 


more preferred 


Impact Copolymer polypropylene 


most 
preferred 


most 
preferred 


most 
preferred 


preferred 


Homopolymer PP 


preferred 


preferred 


preferred 


preferred 


Exxon LD 3003 


preferred 


preferred 


preferred 


preferred 



1 0 It will be understood that, in general, we contemplate that a large number of polyolefins 

will be useful in the techniques and applications described herein. Also included in the group 
of polyolefins that are contemplated as embodiments of this invention are metallocene catalyzed 
polyethylenes, both linear low density and very low density (0.88 to 0.935 g/cm3), high density 
polyethylene (0.935 - 0.970 g/cm3), Ziegler-Natta catalyzed linear low density polyethylene, 

1 5 conventional high pressure low density polyethylene (LDPE), and combinations thereof. Various 
elastomers or other soft polymers may be blended with the majority poly olefin component, these 
include styrene-isoprene-styrene (styrenic block co-polymer), styrene-butadiene-styrene (styrenic 
block co-polymer), styrene-ethylene/butylene-styrene (styrenic block co-ploymer), ethylene- 
propylene (rubber), Ethylene-propylene-diene-modified (rubber), Ethylene-vinly-acetate, 

20 Ethylene-methacrylate. Ethylene-ethyl-acrylate, Ethylene-butyl-acrylate. 
FILLER 

Fillers useful in this invention may be any inorganic or organic material having a low 
affinity for and a significantly lower elasticity than the film forming polyolefin component. 
Preferably a filler should be a rigid material having a non-smooth hydrophobic surface, or a 
25 material which is treated to render its surface hydrophobic. The preferred mean average particle 

5 
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difficulty in compounding and significant losses in strength of the final breathable film. 
Preferred ranges include about 30% to about 70% by weight, more preferably from about 40% 
to about 60% by weight. 

While a broad range of fillers has been described at a broad range of inclusion parameters 

5 based on weight percentages, still other embodiments of the present invention are contemplated. 
For instance, fillers with much higher or much lower specific gravity may be included with the 
polyolefin precursor at amounts outside the weight ranges disclosed. Such combinations will be 
understood to be contemplated as embodiments of our invention as long as the final film, after 
orientation, has WVTR, or draw down similar to that described herein. 

10 Film Physical Property Modification 

It was found that the addition of small amounts of low density polyethylene to the 
polyolefin/filler blend allowed film extrusion at higher throughput levels with some majority 
polymers. Low density polyethylene with a melt flow index of about 0.9 to 25.0 grams per ten 
minutes (12.0 grams per ten minutes being preferred), and a density of about 0.900 to 0.930 may 

15 be used. 

Further improvements in film impact and tear strength are possible by the addition of 
plastomers, elastomers, styrenic block co-polymers (SIS, SBS, SEBS), or rubbers. Material 
grades included are: 
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Property Improvement Materials 


Supplier 


Grade 


Melt Flow Index 


Density 


Exxon Chemical 


Exact 3139 


7.5 


.900 


Exxon Chemical 


Exact 4044 


16.5 


.895 


Exxon Chemical 


Exact 9095 


2.2 


.893 


Exxon Chemical 


Exact 3 131 


3.5 


.900 


Exxon Chemical 


PaxonSLX9106 


2.0 


.900 
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Exxon Chemical 

Dexco 

Dexco 
Exxon 
Exxon 
Shell 

Union Carbide 
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Union Carbide 



Paxon SLX 9101 


3.5 


.900 


Vector 42 11 


13 




Vector 44 11 


40 




Vistalon 3708 






Vistalon 3030 






KratonG1657 


8 


SEBS 1 


UC 9042 


5.1 


.900 


UC 1085 ( 


0.8 


.884 ~| 



Stretching or Qjjgnfiag 

Final preparation of a breathable film is achieved by stretching the filled po.yolefin 
precursor fi, m to form interconnected void, Stretching or "orientation" is achieved by. 
incrementally orienting the polyolefin precursor in the machine direction, transverse direction, 
or both. Films can be incrementally oriented by a number of mechanical techniques, however, 
the preferred technique is to stretch the film through pairs of interdigitating rollers, as shown in 
Figure 1 . Therein it may be seen that the film is contracted by me apex 18 of a plurality of teeth 
spaced a distance or pitch (W) apart. The apex 18 of each tooth extends into the open space 20 

between the teeth on an opposing roller The 9m „™. „r • , 

w mg rouer. I he amount of interengagement depends both on the 

tooth depth (d) and the relative position of the rollers. 

Machine direction orientation is accomplished by stretching the film through a gear like 
pair of rollers 16 as shown in Figure 2. Transverse direction orientation is accomplished by 
stretching the film through a pair of disk-like rollers as shown in Figure 3. 

The preferred embodiment employs rollers with a tooth pitch, W = 0.080", however a 
Piteh of about 0.040" to 0.500" is also acceptable. The tooth depth (d), is preferably 0.100", 
however, a tooth depth of about 0.030" to 0.500" is also acceptab.e. For the transverse direction 
orientation rollers, as shown in Figure 3, the depth may be up to about 1 .000" as mechanical 

8 
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interference is less of an issue with the transverse direction rollers. The preferred embodiment 
employs interdigitating rollers that can be temperature controlled from about 50°F to about 
210°F. More preferred is a temperature range of from about 70°F to about 190°F. Even more 
preferred is a temperature range from about 85°F to about 180°F. And most preferred is a 

'5 temperature range from about 95°F to about 1 60°F. Roll temperature may be maintained through 
the internal flow of a heated or cooled liquid, an electrical system, an external source of 
cooling/heating, combinations thereof, and other temperature control and maintenance methods 
which will be apparent to those of ordinary skill in the art. The preferred embodiment is internal 
flow of a heated or cooled liquid through the rollers. 

10 The depth of interengagement of the roller teeth determines the amount of orientation 

imparted on the film. A balance must be drawn between the depth of engagement of the roller 
teeth and the level of filler in the film, as many physical properties of the film are affected as 
depicted in the following table. 



Relationships between process and formulation factors 





Adjust 


WVTR 


Dart 
Impact 


Basis 
Weight 


CD Tensile 


MD Tear 


CaC0 3 


Increase 


Increase 


Increase 






decrease 


MD Orientation 


Increase 


Increase 


decrease 


decrease 




decrease 


TD Orientation 


Increase 


Increase 


decrease 


decrease 


Decrease 




Roll Temperature 


Increase 


Increased 




decrease 
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Properties of Films Produced 

WVTR 

In an embodiment of the present invention, certain films and articles made therefrom have 
higher WVTR than previously thought possible. The WVTR of such films should be above 
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about 100 g/mV24 hr @ 37. W, 100% RH, preferably above about 1000 g/m724 hr @ 37.8«C, 
100% R H , mor e preferably above about 2000 g/ m V24 hr @ 37.8'C, ,00% RH. Some 

applications benefit from film with a WVTR ™ „u 

im wnn a WVTR at or above about 10,000 g/m 2 /24 hr @ 37.8°C, 

100% RH. 

TEST MFTHnnc 

Water VqprY T Tf , n . m j„„ ion Rafp fWvpp^ 

Bo* a Mooon W, , „o , Mocon W600 ,„« m Ked „ measure ^ 

is Wd tha, the rel a ti va „ umidit y on fc we , side ^ ^ ^ ^ ^ 
is n«a, 0%. The a™™, of vapor in ae air stream js ^ fcy ^ 

n»da,a,ad in*. re d (PMIR) Fo , |owing ^ ^ ^ ^ ^ ^ 

reaching , s«ady s.a„ of watt, vapo, trans™ rate , . ^ „ ^ ^ rf ^ ^ 

films are ,apo„ed „ 0rams of Wattr/hW/Day @ 37-C. The o M p« of ,ha ™i, to bee „ 
ca.ib.attd ,„ fc nes* obajned wjth , fflm of ^ ^ ^ ^ ^ ^ 

on ASTM ,249-90 ano ,ha nseof . reference fllm , ^ . Cdgard 2m ^ ^ ^ 
of 8700 gWday @ 37«. Tha diapa™ depicted in Figure 4 iUusmies „ ^ ^ rf 
the Mocon units. 
Mocon 

As illustrated generally by reference to Figure 4, the Mocon W, has a single test cell and 
an analog chart recorder. Air is pumped through a desiccant dryer, then through the test cell, and 
then past the PM,R sensor. A five-minute purge of residua, air is followed by a six-minute test 
cycle with controlled air flow. The result is a steady state value for WVTR. The purge and test 
cycles are controlled manually. The unit is ca.ibrated to a film with a known WVTR every 
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twelve hours. Calibration results are control charted and adjustments are made to the instrument 
calibration accordingly. 
Mocon W600 

The Mocon W600 has six measurement cells with PMIR data fed into a computer. 
Nitrogen is fed through a desiccant dryer, then through the active test cell, then past the PMIR 
sensor. In addition to data compilation, a computer controls test cycle sequencing. All cells are 
purged simultaneously for an eight-minute period. This is followed by an eight-minute test cycle 
for each of the six measurement cells. Total testing time is fifty-six minutes. Two of the six 
measurement cells always measure reference films with a known WVTR. 
EXAMPLES 

Example 1. Experimental grade 400-6-1 

A blend of 57% ECC FilmLink 400 CaC0 3 was combined with 33% Exxon PD 7623 
Impact Copolymer, 2% Exxon LD-200.48, and 8% Exxon Exact 3131 oriented in interdigitating 
rolls of 0.80" pitch. The MD depth of engagement was 0.020", and the TD depth of engagement 
was 0.040". The temperature of the interdigitating rolls was 140 °F. 
Example 2. Experimental grade 400-6-2 

A blend of 57% ECC FilmLink 400 CaC0 3 was combined with 33% Exxon PD 7623 
Impact Copolymer, 2% Exxon LD-200.48, and 8" Exxon Exact 3131 oriented in interdigitating 
rolls of 0.080" pitch. The MD length of engagement was 0.020", and the TD depth of 
engagement was 0.040". The temperature of the interdigitating rolls was 1 10 °F. 
Example 3. Experimental grade 400-6-3 

A blend of 57% ECC FilmLink 400 CaC0 3 was combined with 33% Exxon PD 7623 
Impact Copolymer, 2% Exxon LD-200.48, and 8% Exxon Exact 3131 oriented in interdigitating 
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rolls of 0.080" pitch. The MD depth of engagement was 0.020", and the TD depth of 
engagement was 0.040". The temperature of the interdigitating rolls was 70 °F. 

As can be seen from the following table, the WVTR rise from a roll temperature of 70T 
(considered ambient temperature) to HOT, and then MOT is dramatic, unexpected and 
surprising. 



Table of Example Film Properties 



Grade Number 



Roll Temperature (°F) 

Basis Weight (gm/sqm) 

WVTR (gm/sqm/ day) 

Dart Impact Strength (gm) 
MD Ultimate (gm/in) 
MD Elongation (%) 
TP @ 5% (gm/in) 
TD Ultimate (gm/in) 
TD Elongation (%) 
MDElmendorf Tear Strength (gm) 



E xample 1 

400-6-1 
140 
43 

4100 
240 
1585 
408 
457 
785 
351 
166 



Example 2 

400-6-2 
110 



40 
3000 
300 
1532 
431 
389 
1166 
358 
208 



Examp le 3 

400-6-3 
70 



39 
1900 
300 
1453 
442 
388 
1049 
357 
205 



A linear regression analysis reveals that with the above fixed formulation, depth of 
activation water vapor transmission rate is predicted by the following equation: 

WVTR = -329.73 + 31.216 * Roller Temperature (°F) 

Changes and modifications in the specifically described embodiments can be carried 
without departing from the scope of the invention which is intended to be limited only by the 
scope of the appended claims. 
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CLAIMS 

What we claim is: 

1 1 . A process for imparling higher water vapor transmission rate (WVTR) to a filled 

2 polyolefin film comprising the steps of: 

3 extruding a polyolefin filler combination into a film; and 

4 passing said film through at least one pair of interdigitating grooved rollers wherein said 

5 rollers are heated to at least 80°F. 

1 2. The process as defined in Claim 1 wherein said interdigitating grooved rollers are 

2 positioned in a direction selected from the group including machine direction, transverse 

3 direction, and a combination thereof 

1 3. The process as defined in Claim 2 wherein said polyolefin is selected from the 

2 group consisting of polypropylene, polyethylene, ethylene polar comonomer polymers, a-olefin 

3 copolymers, and combinations thereof. 

1 4. The process as defined in Claims 1, 2, or 3 wherein said rollers are heated to at 

2 least 1 20 °F. 

1 5. The process as defined in Claims 1 , 2, or 3 wherein said rollers are heated to at 

2 least 1 30 °F. 

1 6. The process as defined in Claims 1, 2, or 3 wherein said rollers are heated to at 

2 least 140 °F. 

1 7. The process as defined in Claims 1, 2, or 3 wherein said rollers are heated to at 

2 least 1 50 °F. 
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9. A process for imparting higher water vapor transmission rate (WVTR) in grams 
Per square meter per day to a fi„ed polvolefm film wherein the water vapor transmission rate is 
determined by the equation: 

WVTR = -329.73 * 3 1 .2 1 62 (Roller Temperature in °F) 
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